In the course of observations upon the relation of hypersensitivity to localization of Streptococcus viridans, it was observed that if the bacteria and normal horse serum are inoculated simultaneously, the blood stream of the sensitized rabbit retains the bacteria for a longer period than does that of the non-sensitized rabbit. A preliminary report"4 of these experiments was published in 1932. They have been confirmed by Clawson2 and by Burn, Chandler, and Hartshorn' with the Streptococcus hemolyticus. This organism may be recovered from both the blood and tissues of sensitized rabbits for a significantly longer period than from similar sources in normal rabbits.
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It is proposed now to report these observations in more detail and to show the relationship of this type of response to the localization and dissemination of bacteria in the periapical tissues of rabbits' incisors. Methods
Healthy, well-nourished rabbits weighing from 2 to 4 kg. were used for the experiments. Some were sensitized to normal horse serum, while the remainder were used as controls. Sensitization was induced by means of four intraperitoneal injections of normal horse serum given in 1 cc. quantities at intervals of 4 days. A period of 3 to 4 weeks following the last injection usually intervened before tests for the degree of hypersensitivity were made. This test consisted of inoculating 0.1 cc. of 1: 10 dilution of normal horse serum intradermally. In every instance a period of not less than 6 days was allowed to intervene following this skin test before using the animals for the final experiments. The two strains of Streptococcus viridans used as test organisms were obtained from the periapical areas of infected teeth, one from each of two individuals. These strains had similar morphological and cultural characteristics, and grew diffusely in Savita broth at pH 7.6 within 24 hours at 370 C. Growth on blood agar plates consisted of small, convex, smooth, gray colonies. In deep blood agar plates the colonies formed a distinct narrow green zone of the alpha type. Dextrose, maltose, lactose, and saccharose were the only carbohydrates fermented. Both strains were bile-insoluble. Large quantities inoculated intraperitoneally into white mice failed to cause death within 10 days.
The strains were prepared for use in these experiments by suspending in 2 cc. of sterile saline the growth obtained from 5 cc. of a broth culture that had been incubated for 18 to 24 hours at 3 70 C. One cubic centimeter of this suspension was used for a quantitative determination, by the pour-plate method, of the approximate number of bacteria. The remaining 1 cc. of the suspension was used for inoculating the rabbits. All of the intravenous injections consisted of 1 cc. of the suspension, while only 0.1 cc. could be inoculated into the root canals of the incisor teeth.
Rabbits were kept on their backs on the animal-board for the duration of the experiment, which usually lasted from 6 to 8 hours. Light ether anesthesia was maintained. Frequent blood samples for cultures were removed from the femoral vein. The suspension of organisms and a 1: 10 dilution of normal horse serum were inoculated simultaneously into the ear veins of sensitized and non-sensitized rabbits, except that several of the non-sensitized rabbits received organisms but no horse serum. At intervals of Y2, 1, 2, 3, 6, 8, and 24 hours or longer, known quantities of blood were removed from the femoral vein and inoculated into pour plates and into Savita broth. From a few of the rabbits simultaneous cultures were taken from the femoral and portal veins and the carotid artery. A few observations were made on the distribution of the bacteria in the various organs of sensitized and nonsensitized rabbits by making quantitative bacterial studies of the viscera. One gram of tissue was removed, suspended and ground thoroughly in saline, and, after appropriate dilution, pour plates were prepared.
The operative procedure for exposure of the pulp canal consisted of an extra-oral approach to the mandibular incisors. An incision was made transversely in the soft tissues in the suibmental region, and the overlying bone was removed to expose the roots. The root canal was opened by means of a tapered fissure dental drill. Slight bleeding was produced in the pulp canal by means of gentle probing. Small quantities of either dilute horse serum or the suspension of organism were slowly applied with a syringe to the spongy tissue until a total of 0.1 to 0.2 cc. had been absorbed. It was essential to avoid all but the lightest pressure on the plunger of the syringe during these inoculations. An equivalent amount of saline was inoculated into the adjacent central incisor tooth for control purposes. The opening into the pulp canal was then sealed by means of gutta-percha root canal points and the overlying soft tissues were approximated by silk sutures and sealed with sterile gauze and collodion. The animals in which bacteria had been sealed in the root canal received the shock dose of horse serum intravenously from 24 to 72 hours later. Those with the herse serum in the root canal received an intravenous injection of known quantities of bacteria within Y2 to 1 hour after the operation. Blood cultures were taken from the femoral or jugular veins in every instance.
The experiments were all terminated with careful postmortem examination, including cultures of heart blood, viscera, and the root canals of the incisors. These were re-exposed through the previous operative site. Histological sections were made from all tissues that indicated gross change.
Results
As a preliminary test a series of normal rabbits were inoculated with varying quantities of Streptococcus viridats in order to determine approximate dosage for the sensitized animals. Obviously, quantities that cause prolonged bacteremia in non-sensitized rabbits would not be satisfactory. The dosage sought was one that would result in clearance of the blood stream of normal rabbits within 3 hours.
The results of the titration in normal rabbits are shown in Table I . When suspensions of Streptococcus viridans are inoculated in quantities of less than 500 million per cubic centimeter the blood stream is free of bacteria within 2 hours. Even the simultaneous injection of horse serum and organisms apparently does not alter the rapidity of the clearing of the blood stream in normal rabbits. Quantities greater than 500 million per cubic centimeter will establish a bacteremia in non-sensitized rabbits.
The influence of the hypersensitive response in prolonging the bacteremia of sensitized rabbits is shown in Table II . In addition to the establishment of a prolonged bacteremia, significantly higher numbers of bacteria per cubic centimeter were found in the blood of these animals within the first 15 minutes after the injection than is the case in non-sensitized rabbits. The time of disappearance of the Streptococcus virLidans from the blood stream varies from 12 to 72 hours, and only an occasional rabbit will succumb to the infection.
Simultaneous blood cultures were procured from the carotid artery and femoral and portal veins of a sensitized and a nonsensitized rabbit. These demonstrated prolonged bacteremia in both the arterial and venous systems of the sensitized rabbit. The normal rabbit showed a negative arterial and venous blood within 1 hour following injection.
Further evidence of the influence of hypersensitivity in retaining bacteria within the tissues is shown in Table III . Factors influencing the bacteremia, such as variations in the degree of sensitivity of the rabbits, various intensities of reaction to horse serum as manifested by the skin response in sensitized animals, and the presence of both acquired and natural immunity of rabbits to the streptococcus require more detailed investigation.
Since the stimulation produced by the shocking dose of normal horse serum induces a bacteremia in sensitized rabbits, experiments were devised to determine the influence of this phenomenon on the dissemination of Streptococcus viridans from a focus produced at the apex of the rabbit's incisor tooth. The organisms were inserted into the root canal of the lower incisor teeth. Frequent blood cultures were taken from either the jugular or femoral vein in order to determine the sterility of the blood stream before the inoculation of the horse serum. Although small numbers of bacteria were obtained from the blood within the first hour following the operation, subsequent cultures, taken from 24 to 72 hours later, remained free of growth. At this time, normal horse serum was injected into the ear vein of the sensitized rabbits, and frequent blood cultures were taken.
The results of the blood cultures obtained from sensitized rabbits with foci of Streptococcus viridans produced at the apices of the incisor teeth are given in Table V. Seven out of 10 rabbits had positive blood cultures at some time following the inoculation of the horse serum, while 3 normal rabbits that had comparable quantities of bacteria injected into the root canal failed to show any dissemination. The negative blood and visceral cultures at postmortem suggest that only small quantities pass from these foci. This is supported by the finding of The tissues of the remaining animals showed no evidence, either grossly or histologically, of changes that were attributable to Streptococcus viridans. It was next attempted to produce localization of bacteria from the blood stream to the periapical region of the teeth in sensitized rabbits receiving normal horse serum through the root canal. This localization could depend to a large extent upon the degree of inflammatory response produced in the tissues and also upon the quantity of bacteria inoculated into the blood stream. Therefore, observations pertaining to the influence upon localization of the dosage of bacteria and the importance of the response produced by the horse serum and normal saline inserted into the root canals of non-sensitized rabbits are given in the following table (Table  VI) . The left root canal routinely received the normal horse serum and the right root canal received sterile saline solution in all these experiments. Localization of the Streptococcus virndans occurs at the apices of the teeth, whether inoculated previously with serum or saline, when the quantity of bacteria inoculated into the blood stream is sufficiently large. In order to determine localization in the sensitized rabbits it is necessary, therefore, to use a bacterial suspension of less than 1 00 million per cubic centimeter.
The results of a similar type of experiment in sensitized rabbits, using an appropriate quantity of organisms, are shown in Table   VII . The reaction produced around the apices of teeth of sensitized rabbits by the horse serum is great enough to cause localization, even though the quantities of bacteria employed are not sufficient to localize in the injured tissues produced in the normal animals. It is apparent from these observations that both the quantity and the degree of tissue response determine localization of the Streptococcus viridans from the blood stream.
Discussion
The results of these experiments demonstrate that rabbits previously sensitized to horse serum will develop and maintain a bacteremia for 24 to 72 hours, provided the shock dose of horse serum and the bacteria are simultaneously inoculated into the veins of the rabbits. On the other hand, similar inoculations of horse serum and bacteria into non-sensitized rabbits produce a bacteremia for only 1 to 2 hours. This apparent interference with the mechanism for the removal of bacteria from the blood stream was demonstrable also in the viscera of the sensitized rabbits. Since it is believed that bacteria are normally removed from the blood by the cells of 1he reticulo-endothelial system, it is suggested that the response of the sensitized rabbits to horse serum is a manifestation of a temporary impairment of the function of these cells.
The presence of a transient bacteremia from bacterial inflammatory foci after the intravenous inoculation of horse serum in sensitized rabbits indicates an antagonistic influence on the fixation of bacteria by inflammatory tissue. Gay 7. This localization of bacteria is dependent upon the number of organisms initially inoculated and upon the extent of inflammatory reaction in the tissues.
